Abstract -Temporal changes in observed nitrogen and phosphorus losses to surface water were studied in 3 agricultural catchments in order to evaluate the achievement of water protection targets in Latvia. The aim of this study is to investigate the water quality measures in high density livestock farming catchments. Long-term monitoring data (years 1996-2008) of water quality used in the analysis show a high annual and monthly variability of nutrients. The results demonstrate little or no reduction of nutrient concentrations in surface water. The results suggest that water protection measures for agricultural production need to be further intensified.
INTRODUCTION
Farming with high livestock density can lead to local manure surpluses, which can result in surface water pollution problems in rural regions. During the last years there is a tendency in Latvia to increase the number of big animal farms, thereby livestock concentration in specific areas can cause nutrient pollution from point sources and subsequently prevent the fulfillment of objectives of the Water Framework Directive (WFD, 2000/60/EC) and the Nitrates Directive (91/676/EEC). According to the assumption that point source pollution is usually concentrated, it is considered as the most significant contamination source [1] . Generally, the origin of point source pollution is from one location, and thereby runoff from a feedlot or overflows from hog lagoons and slurry deposition on fields near streams, are examples of agricultural point sources of contamination. However, possible source of such types of pollution in agriculture can also be associated with a high number of livestock units or with high animal density (livestock units (LU) per ha) in a farm. According to HELCOM (Helsinki Commission -Baltic Marine Environment Protection Commission) guidelines, the agricultural area or farm should be considered as a hot spot, if it is a watershed with an animal density higher than 1.5 LU per ha or an area with large animal farms with more than 250 LU that cannot demonstrate appropriate fertilizers and manure storage or application [2] .
The aim of the study is to estimate surface water quality in the territories with a high number of livestock unit farms by describing water quality parameters (total nitrogen, total phosphorus, nitrates) variation with regard to time and season.
In addition, nutrient concentrations variation in agricultural catchments surface water is examined and a trend analysis is carried out in order to investigate whether the proposed changes in agricultural practices have affected nutrient concentrations in the surface water. The study consists of comparing seasonal nutrient concentrations in surface waters and the detection and quantification of the water quality trends in surface water nutrient concentrations by the Mann-Kendall Seasonal Test and the Sens Slope Estimator. Understanding the status of surface water and nutrient trends in streams and conditions that affect them was possible thanks to the agriculture run-off monitoring project provided by the Department of Environmental Engineering and Water Management, Latvia University of Agriculture.
II. MATERIAL AND METHODS
The study is based on the long-term (1996-2008) nutrient concentration in surface water observation data from three catchments (Bauska, Ogre, Auce) included in the national network for the agriculture run-off monitoring programme designed to cover point source agriculture pollutant investigation. In all agricultural catchments, the amount of livestock is remarkable (more than 250 LU) and most of the cultivated land is under cereal crop cultivation, which is common in southern and central Latvia. The main characteristics of all catchments are presented in Table 1 . Results are compared with the diffuse source agricultural pollution monitoring results to provide an overall view of the major water quality characteristics occurring in surface waters. The long term point source and diffuse source database is maintained by the Latvia University of Agriculture (LLU). The grab water samples from draining ditches were analyzed for total phosphorus (P tot. ) , total nitrogen (N tot. ) and nitrate nitrogen (NO 3 -N). Water quality parameters are tested in accordance with standard methods LVS EN ISO 11905-1, LVS EN ISO 13395 (N tot. ) and LVS EN ISO 15681-1 (P tot. ).
A seasonal analysis including an evaluation of seasonal patterns of nutrients in surface water are conducted for two seasons (summer and winter) by Mann-Whitney U test and for twelve season (monthly data) by Kruskal-Wallis. The seasonal patterns are also evaluated using box plots to provide a general overview of the trends and calculating seasonal indices. The statistical significance of nutrient trends are determined by a Seasonal Kendall test. This test is suitable for water quality data because it requires no assumption of normality that is very important to investigate point source pollution [4] . It consists of the sum of the individual MKs values for each cyclic period, thereby removing the seasonal component. The magnitude of statistically significant trends was estimated according to the Seasonal Kendall slope estimator.
III. RESULTS AND DISSCUSION
The basic descriptive statistics of nutrient concentrations in surface water regularly conducted over a period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) at 3 catchments are summarized in Table 2 . The results demonstrate that nutrients in surface water tend to be highly variable. The highest values as well as the high variability for all nutrients are observed in the Bauska catchment which is characterized by high animal density and the application (utilization) of manure. Despite the high manure rates applied on the fields, the median nitrate concentrations in all catchments are below the threshold value 11.3 mg L -1 of NO 3 -N established by the Nitrate Directive. However, high concentration of total nitrogen (N tot. ) and total phosphorus (P tot. ) are documented. P tot. is the parameter that shows the greatest degree of variation throughout the studied period in all catchments except Ogre where farming activities are abolished. The median values P tot. in the Bauska and Ogre catchments are higher than the critical value of 0.15 mg L -1 which is considered a minimum requirement for the avoidance of eutrofication effects [11] .
The analyzed water quality parameters show striking seasonal variations for different reasons. According to the research [3, 5, 7, 8, 10] , nutrient concentrations vary throughout the year, largely due to the response to changes in precipitation, ground water levels and flow rates. Some of them depend on discharge and seasonality; but same are magnified by agricultural activities. The Mann-Whitney U test used to compare nutrient concentrations in the summer and winter months according to the Nitrate Directive (winter period: October -March, summer or vegetative period: April -September) also affirms statistically significant nutrient concentrations differences (all p-values less that 0.02) between these two periods in all catchments. However, on the practical level, the P tot. median values in the summer and winter are very close in the Auce catchment. Long term monitoring data show that more than 50% of the samples taken in the observation period in Bauska have links to bad water quality measured in both ways by N tot. and P tot. . Water quality in the Ogre and Auce catchments in relation to observed N tot. concentrations mostly relate to moderate quality, while water quality in the Ogre catchment are greatly affected by phosphorus. P tot. concentrations in Ogre mostly fall in the bad water quality class. Contrary to the Ogre catchment, water quality associated with phosphorus in the Auce catchment is acceptable. The threshold value of 11.3 mg L -1 NO 3 -N is exeeded in 23% of all monthly observations in Bauska, 18% and 0.6%, accordingly in the Auce and Ogre catchments due to the study period.
Another important application of statistics in relation to water pollution control, is the understanding of the extremes of water quality conditions; because some water quality variables may change dramatically. Nutrient concentrations vary throughout the year not only through the seasons mentioned above, largely in response to changes in precipitation and streamflow and in relation to the time elapsed since fertilizer or manure application. Therefore the next analyze of seasonal patterns in nutrients concentrations are done based on monthly data defined by the frequency with which data are collected. Displaying data in box-whisker graphs allows for a more effective visualization of seasonal nutrient variation and changes over time and potential trends. The box-whisker plot ( Figure 2) 
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The results of the seasonal decomposition (using the multiplicative model) procedure to divide time series into three components: trend-cycle (T, C), seasonal (S) and irregular (R) results are displayed in Figure 3 13 estimated by smoothing the time series data using a simple moving average with span k equal to the length of seasonality s.
Once the trend-cycle has been estimated, it can be removed from the data. For a multiplicative model, this is done by dividing the original data by the estimated component:
The resulting estimates of the seasonal-irregular component are then averaged across all observations within each season to remove the irregular component, resulting in an estimate of the seasonal component. The seasonal components are then adjusted so that an average season has a value of 1.0. For a multiplicative model, the estimated irregular component is obtained by dividing the observations by the estimated trendcycle and seasonal components: (2) and then normalized so that the average residual equals 1.0 (corresponding to an index of 100).
The seasonal indices for N tot. data range from a low of 51 in May to a high of 187 in March for the Bauska catchment. This indicates that there is a seasonal swing from 51% of the average to 187% of the average N tot. concentration throughout the course of one complete cycle. N tot. concentrations above Figure 3 and Table 4 . None of the studied catchments with intensive farming activities show a clear decrease in N tot. and P tot. during 1996-2008. By contrast, a slight increase of N tot. is detected in the Auce catchment. Statistically significant decreasing trends of nutrients in monthly concentrations are only observed in the Ogre catchment where active farming activities are interrupted. The strong nutrient concentration reduction at the Ogre catchment can be reasoned by the reduction of agricultural activities. However, observed concentrations of P tot . in the Ogre catchment still stay comparatively high.
The study results indicate that the impacts of emissions of nutrients on water quality show wide variations and weak responses to surface water quality increase can be reported in the catchments observed. The findings of the study confirm that a decrease in nutrient concentrations and the water quality response to reduced manure application may be slow and limited. From the 2004 concentration of N tot. , as well as P tot. dropped below long term mean value after which the amplitude and variability of nutrient concentrations becomes rather stable in the Ogre catchment. According to the positive N tot. concentration trends there is a risk of exceeding the threshold value of 11.3 mg L -1 of NO 3 -N more often in the future at the Auce catchment. In addition, concentrations of N tot. and P tot. tend to increase in the last years of the observation period in the Bauska catchment. Studies about the trends in nutrient concentrations in Latvian rivers response to change in agriculture similarly highlight little evidence that this change in agricultural practices has immediate influence on decreases in nutrient concentrations [9] . 
IV. CONCLUSIONS
The paper summarizes and examines some of the major issues and choices involved in detecting and estimating the magnitude of temporal trends in measures of stream-water quality in agricultural catcments influenced by point source of pollution. An analysis of long-term records of the concentrations of major nutrients for high intensive animal agriculture sites in Latvia is reported. The results of the present study show that, despite legislative efforts to restrict nutrient loading, little or no reduction of loads has been achieved during the study period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . The water quality observations in the agricultural catchments with intensive livestock farming show no significant downward trends in the concentrations of nutrients. Significant downward trends are revealed for N tot. and P tot. in the catchment where the farm is closed since 1992. Whereas, upward trends revealed for NO 3 -N and for N tot. are recorded in the catcment with high-input agricultural activities. There is a strong seasonal structure in time series analysis results, however also high values of irregular variation of nutrient concentrations are detected and can be linked with farming activities. Nutrient concentrations in catchments influenced of point source pollutin increases as much as 2-5 times that of diffuse pollution values detected. Especially high concentrations of P tot. are recorded a long period after the closure of a farm.
